Exploiting pre-intervention variation in ‡u/pneumonia, tuberculosis and maternal mortality, together with time variation arising from medical breakthroughs starting in the late 1930s, this paper studies the aggregate impact of large health shocks across US states. The analysis demonstrates that the shocks in ‡uenced income per capita in di¤erent ways. While the shock to ‡u/pneumonia mortality has been conductive for development, the large reduction in the incidence of tuberculosis deaths has been a negative force in the development of US states over the second-half of 20th century. In addition, the decline in maternal mortality has a fragile, but positive relationship with income per capita. Because these speci…c health shocks a¤ected mortality across the life cycle di¤erently, the evidence here underscores the general tenet of regarding health as multifaceted.
Introduction
While the last century marked an unprecedented increase in population health around the world-enclosed by vast welfare improvements-the question of how this episode in itself has in ‡uenced the process of economic development is highly debated in the literature. Framed in a policy perspective, could improvements in health conditions in poor countries raise income?
By studying the aggregate response to large health shocks across US states, this research seeks to contribute to this fundamental question. This paper's main contribution is to provide estimates of the shocks to ‡u/pneumonia, tuberculosis, and maternal mortality, which began circa 1937, on subsequent aggregate economic development. I pay attention to these speci…c mortality causes on the following two grounds.
First, they are expected to have di¤erent age pro…les. Whereas ‡u/pneumonia mortality was concentrated on children, tuberculosis was mainly a burden on adults. Maternal mortality is, of course, related to death among women of child-bearing age. Therefore, paying attention to these particular causes of mortality possibly reveals how mortality of di¤erent ages is related to economic development. Second, since ‡u/pneumonia and tuberculosis are the two great killers that became treatable during this period, large reductions in them can expected to have macroeconomic implications. 1 The paper estimates the magnitude of the e¤ect of the health shocks on economic development exploiting two sources of variation. The …rst is time variation arising from medical breakthroughs around the period [1937] [1938] [1939] [1940] [1941] [1942] [1943] [1944] [1945] [1946] [1947] [1948] [1949] [1950] . For the considered mortality causes, the most notable drug innovations were sulfa drugs and antibiotics (see, e.g., Acemoglu and Johnson, 2007; Jayachandran et al., 2010) . 2 The second is cross-state variation in pre-intervention mortality, which is intended to capture intensity of treatment. The constructed health-shock variables are the interaction between these two sources of variation, and only these shock variables are treated as exogenous in the regressions. 1 In contrats to devleoping countries of that time, and due to prior eradication e¤ort, malaria was not a big killer in the 1930's US (see, e.g., Bleakley, 2007) . 2 During this period, ‡u/pneumonia mortality fell from 0.12 percent (0.12 death per 100 individuals) to 0.03 percent, tuberculosis mortality from 0.05 percent to 0.02, and maternal mortality decreased from 0.49 percent (0.49 deaths per 100 births) to 0.09 percent (calculations are based state means).
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The baseline results suggest, on the one hand, that a one-standard-deviation decline in ‡u/pneumonia and maternal mortality are associated with a 13 and 8 percent long-run increase in income per capita, respectively. And, on the other hand, that a one-standard-deviation decrease in tuberculosis leads to a long-run fall in income per capita of 9 percent.
The paper hereafter examines how the health shocks are related to development. This analysis starts by con…rming prior beliefs. The ‡u/pneumonia-mortality shock is mainly related to reduction in child mortality, whereas the shock to tuberculosis is associated with a signi…cant drop in adult mortality. Next, it is shown that the positive e¤ect of the ‡u/pneumonia shock on income per capita is primarily driven by a negative force on population size through altered fertility behavior. The negative e¤ect of the tuberculosis shock on income seems to be explained by a positive response to population, as there are no o¤setting e¤ects in fertility. Finally, the maternal-mortality shock is not linked to measures of aggregate mortality or population size, even though a negative reaction of fertility is recovered. Further, there seems to be a robust positive relationship between the shock to maternal mortality and capital worker, which cannot be attributed to capital shallowing or deepening.
The rest of the paper is organized as follows. Section 2 discusses how the paper contributes to the literature. Section 3 describes the dataset. Section 4 uncovers the main …ndings and presents robustness test. Section 5 goes beyond the main results and studies the channels of in ‡uence. Section 6 concludes.
Related literature
The paper is in spirit and objective close related to the seminal work of Acemoglu and Johnson (2007) , henceforth AJ. Using international country data, their empirical strategy exploits similar medical breakthroughs, together with variation in pre-existing cross-country mortality rates of 15 diseases (mortality causes), to show that life expectancy has a statistically insigni…cant e¤ect on income per capita. For the purpose of generating su¢ cient explanatory variation, the authors pool these 15 diseases into a single shock variable. 3 The present analysis shows that this is possibly not without innocence. In fact, I obtain results very close to AJ for the US states if the ‡u/pneumonia and tuberculosis-shocks are combined into a single-index shock variable. The interpretation hereof is at the heart of the conclusion in this paper: health should be understood as multifaceted and various health improvements may accordingly have disparate e¤ects on economic development. 4 One cannot, however, infer any conclusions by separating each disease in the international dataset. This can be interconnected with the issue of measurement error, which is an independent concern in the AJ study. variables cannot be capturing institutional changes at the federal level.
In various ways, previous papers have attempted to clarify why AJ's results are so contradictory to the prevailing view-in the cross-country literature-arguing that health and income per capita are positively related. Cervellati and Sunde (2011a; 2011b) argue that e¤ect of life expectancy on income per capita is non-monotonic. Following the framework of AJ, their analysis reveals that the relationship between life expectancy and income per capita is negative and statistically insigni…cant before the onset of the demographic transition, but positive and signi…cant after its onset. Inspired by Uni…ed Growth Theory (Galor, 2011) , the authors provide a compelling economic explanation for this. Yet, another explanation could simply be that measurement error is more likely be an issue for ex-ante demographic-transition countries.
Other papers have put forward concerns about the empirical approach in AJ (e.g., Bloom et To the best of my knowledge, the present paper is the …rst, in this debate, to deploy the empirical framework, as suggested by AJ, in an alternative aggregate analysis. As already estimates on them separately (based on own calculations).
indicated, this exercise suggests that measurement error might blur a new understanding of the results in AJ. That is, the health shocks in ‡uenced income per capita in di¤erent ways.
Comparing cross-state cohort di¤erences in fertility, Albanesi and Olivetti (2010) demonstrate that the 1930s decline in maternal mortality caused an inverted U-shaped pattern in fertility-the US baby boom and baby bust. This paper argues that the maternal-mortality shock a¤ected fertility negatively. Nevertheless, this is not contradictory evidence. Because they compare fertility for a cohort of women that was giving birth before the sulfa-drug era, to two subsequent cohorts of women that enjoyed the bene…ts of less risky births. The empirical strategy here compares ex-ante sulfa-drugs fertility to average fertility the following 30 years. It is di¢ cult to know why the conclusion in the present paper is rather di¤erent. One explanation could be that the quasi-natural experiment of the mid-20th century America is not generalizable to the their settings. Another could be the fact that their conclusion is inferred without considering the e¤ect of child mortality. 6 Finally, this paper is also connected to a line of research in the micro-empirical literature that exploits comparable type of variation to identity the e¤ect of health on various outcomes For instance, the latter paper …nds a positive long-run e¤ect of the introduction of sulfa-drugs on productivity and well-being for individuals living in the US. 5 Looking at the international evidence, Albanesi (2011) recovers a similar pattern. 6 With respect to human capital, Hazan (2011) provides evidence suggesting that childhood health is the most important determinant for the acquisition of education. 4 
Data
This section brie ‡y describes the data used in the analysis. The main outcome variable is GDP per capita, which often will be referred to as income. In the channel-of-in ‡uence analysis, the following outcome variables are used: child mortality, adult mortality, population size, capital per worker, secondary schooling enrollment rate, and fertility.
For the construction of the health-shock variables, I use state mortality rates for ‡u/pneumonia, tuberculosis, and maternal mortality in 1937, which is at the onset of the period with substantial declines in the mortality causes. Following the approach in AJ, the post-treatment period is 1950 onwards, this assumption is tested in section 4.3. A health-shock variable is then the interaction between an indicator variable that turns on in 1950 onwards and the pre-intervention mortality rate for a speci…c cause.
Because of data availability, the main sample consists of 48 states-all states, but Alaska, District of Columbia, and Hawaii-observed over the period 1940-1980. Summary statistics by census region is provided in Table 1. 7 Table 1 about here
Estimation strategy and results
This section presents the empirical strategy and the main results of the paper, which are estimates of the health shocks on log GDP per capita (log income). These results are reported 
Estimation strategy
By comparing the change in income in the pre-shock period relative to post-shock period between US states, the estimation strategy has the ‡avor of a standard di¤erences-in-di¤erences 7 Precise de…nitions and data sources of all variables are given in Table 1a in Appendix.
5 approach. However, the current strategy exploits cross-state variation in pre-shock mortality rates as a measure of the intensity of the health shocks (treatment). One crucial factor here is that di¤erent states had dissimilar incidences in the mortality causes-as seen from Table   1 , this is indeed the case. Of course, another key factor for the validity of the strategy is the assumption that the medical breakthroughs were a function of factors that are external to each US state.
The model is formalized by the following reduced-form estimation equation:
where y it is GDP per capita (or income) for state i in period t, mortality ji is the pre-intervention mortality rate of cause j in state i. The mortality causes are: maternal mortality, ‡u/pneumonia, and tuberculosis.
is an indicator that equals one in 1950 onwards (pre-shock period).
These main explanatory variables are loosely referred to as the health-shock variables. Z it is set of time varying conditioning variables, i and t are state and time …xed e¤ects, and " it is the disturbance term. Notice,^ j > 0 corresponds to a positive e¤ect of the health shock on income.
Section 4.4 also reports estimates allowing for mean reversion in GDP per capita. This is done in two steps. Firstly, notwithstanding of the issue of Nickell bias, the lagged dependent variable is simply included as a conditioning variable. Secondly, the j s are estimated by GMM estimation, as suggested by Arellano and Bond (1991). Table 2 reports the results of regressing log income on each cause-speci…c mortality-shock measure separately and jointed together. All regressions include state and time …xed e¤ects.
Basic …ndings
Starting with the 10-year panel model: columns (1)- (3) show that while the shocks to maternal and ‡u/pneumonia-mortality are positively linked to income, the e¤ect of the shock to tuberculosis is unrelated. Next, because the shocks are likely to be interrelated, column (4) includes them simultaneously. I …nd that the coe¢ cient on the ‡u/pneumonia-mortality shock retain its signi…cance and becomes larger in magnitude, whereas the coe¢ cients on the tuberculosis shock changes from positive to negative and statistically signi…cant. This possibly indicates that the small positive-but insigni…cant-e¤ect in column (3) is driven a positive correlation to the other shocks. Further, the fact that these two health shocks have opposite signs suggests that pooling them together into one health-shock variable-as is the modelling technique in AJ-materializes in an statistical insigni…cant e¤ect on income. Indeed, the e¤ect of this composite health-shock variable on income is estimated to 0.45 with standard error 0.67 (not reported). Finally, the magnitude of coe¢ cient on maternal mortality reduces somewhat, but continues to be positive and statistically signi…cant. Table 2 about here
The latter four columns of Table 2 show that the 40-year-panel model delivers similar results. However, consistent with a long-run interpretation, the estimates are generally larger in magnitude. This type of speci…cation also permits a graphical assessment of the …ndings.
Speci…cally, the conditional e¤ects of the health shocks, provided in column (8) , are depicted as partial correlation plots in Figures 1 to 3 , respectively. For one thing, they illustrate that the basic relations are not due to outliers. the pre-shock cause-speci…c mortality rates in the US are comparable to mortality rates in contemporary developing countries as Bolivia, Cambodia, or Uganda. 9 In Figures 2 and 3 , Nevada could be argued to be an outlier. Yet, excluding this state, similar results are obtained. 7 
Timing
Based on the work of AJ and Jayachandran et al. (2010) , the framework in the previous subsection assumes 1950 onwards to be the post-shock period. This is now formally tested by a generalized di¤erence-in-di¤erences equation that takes the following form:
where the summation term represents the interaction between the pre-shock cause-speci…c mortality rates and time dummies, otherwise are the variables de…ned as in equation (1). The observation period is 1930 to 1980. The estimated 0 s therefore give the time varying e¤ect of the health shock on income relative to the baseline period 1930. Table 3 presents the estimates of the 0 s from regressing (2) . Columns (1)- (3) Finally, it is also worth pointing out that similar conclusions are reached if dynamic e¤ects are included in the regressions. 
Extensions
The results thus far show that i) the shock to maternal mortality has a positive correlation with income ii) the ‡u/pneumonia-mortality shock is associated with a rise in income and iii) the tuberculosis shock is related to a decline in income. The current subsection studies extensions to the basic model speci…cation, which provided these …ndings. 
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The …rst three columns of Table 4 consider whether regional convergence accounts for the results. The empirical strategy utilizes that some regions (states) were plagued by higher pre-shock mortality rates than other. But if high-mortality regions had di¤erential trends of income prior to the health shocks, as documented in Baier et al. (2007), the health-shock variables may simply be capturing regional income convergence. I start by taking this concern into account in two ways. First, column (1) includes census regional-speci…c time trends.
The estimate on the maternal-mortality variable cut in half and loses its signi…cance, though it still remains positive. The coe¢ cient on ‡u/pneumonia mortality also reduces somewhat in magnitude, but there continues to be a positive and statistically signi…cant relationship to income. The negative e¤ect of the tuberculosis shock on income reduces, but retains its statistically signi…cance. Second, columns (2) and (3) demonstrate that similar conclusions are acquired when estimating dynamic models to control for convergence in the outcome (i.e., with lagged dependent variables). In summary, only the positive e¤ect of the maternal-mortality shock on income is non-robust to income convergence.
While columns (1)- (3) The latter two columns of Table 4 show the coe¢ cients from alternative sample periods. As seen from columns (5) 
Channels of in ‡uence
What are the channels through which the reductions in maternal mortality, ‡u/pneumonia, and tuberculosis possibly a¤ected US economic growth? This section examines how the shocks relate to aggregate mortality, population size, physical and human capital, and fertility. The common denominator of these channels is that the literature-at one time or another-has hypothesized health to be an important factor in them. 11 
GDP per capita, child and adult mortality
This subsection studies whether the health shocks are related to aggregate measures of mortality.
Supported by previous research, there a priori reason to believe that the age pro…les from the three mortality causes are di¤erent. The evidence suggests that ‡u/pneumonia mortality was concentrated on children, whereas tuberculosis was a burden on adult individuals (see, e.g.,
Acemoglu and Johnson, 2006)
. 12 If the empirical analysis here retrieves similar conclusions, this could paint a picture of childhood health as being the more important determinant of economic development. Table 5 presents the results. Column (1) displays the correlates with child mortality. As expected, the coe¢ cient on ‡u/pneumonia mortality is negative and signi…cantly larger in magnitude compared to the tuberculosis-shock variable. This column also shows that maternal mortality is not related to child mortality. In column (2), adult mortality is the outcome variable. While the tuberculosis shock has the expected negative correlation, the reduction in ‡u/pneumonia mortality has a positive relationship with adult mortality, which is somewhat unexpected. Even so, the evidence in columns (1) and (2) are consistent with the prior beliefs that the reduction in ‡u/pneumonia (tuberculosis) mortality had a relatively large e¤ect on childhood (adult) health. The maternal mortality-shock is also unrelated to adult mortality.
The remaining columns of Table 5 revisit the e¤ect on income with the aggregate mortality variables as additional explanatory variables. Column (3) adds adult mortality to the baseline 11 See, e.g. . 12 Per de…nition, maternal mortality is concentrated on women of child-bearing age speci…cation. This completely eliminates the e¤ect of the tuberculosis shock on income, whereas the coe¢ cients on the other health-shock variables are barely in ‡uenced. Moreover, adult mortality is signi…cant positively associated with income. Next, augmenting the model with child mortality further removes the positive e¤ect of the ‡u/pneumonia shock on income, but the correlation between maternal mortality and income still remains una¤ected (column 4). The estimate of child mortality on income is negative and signi…cant. As a …nal exercise, column (5) reports 2SLS estimates, instrumenting child and adult-mortality with the ‡u/pneumonia and tuberculosis-shocks. Taken at face value, the estimates imply that a one-standard-deviation decline in child (adult) mortality is associated with 27 (24) percent increases (decrease) in income per capita, pointing to childhood health having a stimulating e¤ect on income, while adult health tends to depress it. 
Population size
Because a reduction in mortality mechanically brings about an increase in population-which tends to depress income-but, on the other hand, may have a long-run o¤setting e¤ect through fertility behavior, this speci…c channel has been central in the discussion of how health improvements in ‡uence economic development. Column (1) of Table 6 reports the average e¤ects of the health shocks on population size. Consistent with the results thus far, population size is significantly negatively associated with the ‡u/pneumonia shock and signi…cantly positively related to improvements in tuberculosis mortality. Therefore, one plausible channel through which the ‡u/pneumonia mortality-shock could have in ‡uenced income positively is the population channel. The opposite conclusion can, of course, be made for the tuberculosis health-shock. Again, I …nd no relationship between the shock to maternal mortality and population size. Column (5) demonstrates that the long-run estimates are larger in magnitude, which is a consistent pattern for all the channel estimates presented in Table 6 .
Finally, it bears mentioning that the composite health-shock variable-comprising ‡u/pneumonia and tuberculosis-mortality-has a positive and statistically signi…cant e¤ect on population size (not reported). This actually means that the conclusions derived from this composite measure are identical to those of AJ; an statistically insigni…cant e¤ect on GDP per capita, but a positive e¤ect on population size. Nevertheless, in contrast to AJ, I recover a positive e¤ect on total GDP that is signi…cantly di¤erent from zero, as one would expect given the positive estimate for population size.
13 Table 6 about here
Physical and human capital
The shocks to maternal and ‡u/pneumonia-mortality are associated with higher levels of physical capital per worker (column 2 of Table 6 ). One forthright explanation is capital deepening of a shrinking population. Conditioning on log population reveals that while this is, indeed, the case for the ‡u/pneumonia shock, the estimate on maternal mortality is robust to this, which points to a positive correlation between the shock to maternal mortality and saving rates. The tuberculosis-shock variable bears a negative relationship with capital per worker, which seems to be completely explained by capital shallowing of a growing population.
14 Column (3) of Table 6 shows that only the shock to ‡u/pneumonia-mortality is signi…cantly correlated with secondary schooling enrollment rates. In particular, the coe¢ cient estimate is positive and has a p-value of 7 percent. This coe¢ cient implies that a 50 percent reduction in ‡u/pneumonia mortality is related to 11 percentage point increase in secondary schooling enrollment.
As a …nal point, it is seen that coe¢ cients are larger in magnitude when considering the corresponding long-run models (column 5-8).
Fertility
Lastly, I look at how the health shocks are related to fertility. As suggested, the population channel appears to be central in the discussion of how aggregate health improvements relate 13 As argued in Bleakley (2006) "...their estimates for GDP are insigi…cantly di¤erent from zero. This is surprising: apparently these countries cannot do anything with that extra population." 14 These conditional results are not reported in the paper, but available upon request.
to economic development. Because the fertility-mortality correlation can be regarded as an important sub-component in this, it is of natural interest to study this speci…c relationship.
According to the estimated coe¢ cients on the health shock-variables in column (4) of Table 6, a one-standard-deviation decrease in maternal mortality is associated with a fall of 0.13 children ever born to a woman age 35-44, while a shock of corresponding magnitude to ‡u/pneumonia mortality is related to decrease of 0.21 children. In contrast, the tuberculosis shock is completely unrelated to fertility. Importantly, these outcomes are consistent with the aforementioned population channel estimates.
Concluding remarks
This paper starts out by asking the question of whether adverse health conditions impair development in contemporary poor countries. Utilizing important medical inventions in 20th century America, as a quasi-natural experiment, the empirical analysis indicates that some health improvements are conductive for economic development, whereas others are not. On the one hand, the decline in ‡u/pneumonia mortality is associated with a rise in income per capita, with a fall in fertility, and with a decline in population size. On the other hand-through the population channel-the tuberculosis-mortality shock is negatively related to economic development.
Further, the decline in maternal mortality is associated with a rise in income per capita, which is not statistically robust. The analysis, therefore, provides new insights on the argument that di¤erent health improvements a¤ect behavior di¤erently and thereby economic development di¤erently.
Finally, coming back to the introductory question, improving health certainly increases welfare in term of longer and healthier lives, however, we cannot expect all such improvements to spur economic progress in them self.
13 Table 1 -Summary statistics by census region is measured in percent. Adult mortality is age 15 to 50 is measured in percent. Second. enrollmet is the secondary schooling enrollment rate. 
maternal mortality Table 1a ). Standard errors are clustered at the state level. *** p<0.01, ** p<0.05, * p<0.1. 
